Silver nanoparticles with continuous size distribution from 10 to 20 nm were incorporated into porous glass produced using solgel technique. Positron annihilation lifetime spectroscopy was used to compare obtained material with an undoped reference glass. The positron annihilation lifetime spectroscopy measurement were made in a broad temperature range (from −180 
Introduction
Silver nanoparticles (Ag NPs) have become interesting material due to their possible practical applications e.g. in medicine. Therefore, conducting research of newly synthesized materials containing Ag NPs is very important. A solgel technique, in which all dopant molecules are added into a solution as a stage of material preparation, is not expensive and commonly used for obtaining the porous materials with various properties.
Positron annihilation lifetime spectroscopy (PALS) can give information about the internal structure of porous materials and the change of their behavior as a function of various factors such as pressure [1] , or temperature [25] . Two parameters, lifetime (τ ) and intensity (I), can be ascribed to specic components of the PALS spectra during the analysis. In simplied interpretation, the intensity can give information about the number of free volumes, presence of various chemical groups and bonds inside the material. The ortho-positronium (o-Ps) lifetime values give information on the free volumes size. The τ values, corresponding to the o-Ps annihilation inside the mesopores, can be used to determine the pore size distribution with the use of the extended TaoEldrup (ETE) model [6] . In this model shape of pore is approximated by the potential well, where o-Ps can occupy either ground or excited energy levels. Due to the population of the states the model predicts decrease of o-Ps lifetime with the increase of temperature, even if the size of the pores are not changed. * corresponding author; e-mail: marek.gorgol@gmail.com
Experimental
The examined materials were prepared by the solgel procedure, obtained by hydrolysis and polycondensation of the ester of silicic acid in alcoholic solvent. The result was a solid non-organic glass. In the case of doped material, Ag NPs were added, at required concentration. The procedure of material preparation was described in [7] . Silver NPs were obtained using procedure described in [8] .
The sample, surrounding the 22 Na source, with the activity of 5 µC, was placed in a vacuum chamber. A turbomolecular pump provided the pressure of 10 −5 Pa. Initially each sample was degassed for 24 h, at a room temperature.
Apparatus, which allowed conducting measurements in a wide temperature range, consisted of the resistance heater and the dewar vessel with liquid nitrogen. The temperature was controlled by the Shimaden FP-21 PID controller. Each sample was cooled down from the room temperature to the −180 Positron annihilation lifetime spectra were collected using standard fast-slow delayed coincidence spectrometer, equipped with two BaF 2 scintillators (Ø1×1.5 in the START signal branch and Ø1×1.5 in the STOP signal branch). The setup was adapted to do measurement in a whole range of lifetimes up to 142 ns. Therefore, time range of the time-to-amplitude converter was 2 µs, while the time width of the single channel of multichannel analyzer was 116.3 ps. The STOP energy window was widely open in order to collect the low energy gamma quanta from three gamma annihilation of o-Ps. The resolution curve was approximated using two Gaussians: one with a FWHM of about 300 ps with the contribution of 80%, and the other with FWHM of about 700 ps and contribution of 20%.
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The number of positron registration was about 1.7 × 10 6 counts per hour, and total count number of spectrum at each temperature value was 5 × 10 6 . The lifetime spectra were analyzed with using two different approaches:
1. Convolution with the use of LT 9.2 program [9], 2. Deconvolution obtained by MELT program [10] .
The pore sizes calculations were conducted with the use of EELVIS [11] program, based on the ETE model assumptions. Because of the most probable shape of pores, obtained in solgel technique, the spherical potential well was assumed as a pore shape approximation in the ETE model.
Results and discussion
The LT analyses have been conducted using four components with the time dispersion of the longest-lived component. Particular components were ascribed to p-Ps (xed at 125 ps), free annihilation of e + and e − and two components connected to o-Ps annihilation in micropores and mesopores. • C the dierence between the two values (measured and calculated from the ETE model) is 3.1 nm and experimental values are higher than theoretical ones. This could be explained as an eect of the thermal expansion of the material. An increase of longest-lived component intensity with temperature is similar to those previously observed for doped silicas [12, 13] . After heating up to 200
• C higher I 4 values are observed. Such tendency, observed before for some photonic glasses [14] , can be the result of breaking of the hydrogen bonds inside the material.
Doping a glass with Ag NPs resulted in large decrease of I 4 and τ 4 (9.6(4)% and 29.5(33) ns, respectively, at room temperature). Bigger errors found during spectra processing using LT program, in comparison to the base material, are the result of low intensity of o-Ps. The ETE calculation gave unreliable pores size of 2.51 (8) 
C to 200
• C signicant increase of both lifetime and intensity is observed. Moreover, these parameters do not return to their initial values after cooling down to the room temperature, which suggests the reorganization of the material structure. It is possible that during heating, nanoparticles migrated inside the material and created large NPs clusters. It could result in a decrease of the eects, corresponding to the τ and I values reduction.
In order to check the inuence of Ag NPs incorporation on lifetime spectra, deconvolution using MELT was done.
The lifetime distribution, received during spectra processing, is presented in Fig. 2 . The sucient statistics for MELT calculation required summing the spectra for 20
• C and 0
• C. Because of wider distribution and numerical procedures implemented into the program, an unreliable number of components was received. However, changes of lifetime distribution due to doping the material, or changes of the temperature can be observed.
In order to compare the results from LT and MELT, values of particular components obtained from these two methods of calculations are presented in Table. High value and wide distribution of I 4 corresponds to the existence of large amount of mesopores inside the base material. It is also conrmed by large proportion of the longest-lived component (with very small intensity of the shorter o-Ps components) in the MELT results. The presence of broad and fragmented peak corresponding to the free annihilation component reects a complicated electron structure of the material. After doping the material with Ag NPs the total lifetime and intensity values of o-Ps components signicantly decreased and the lifetime distribution became broad. A signicant decrease of I 4 and slight increase of I 3 is visible. Similar eect, observed in SBA-15 silica, was interpreted as a result of o-Ps migration from smaller to larger free volumes [15] . Due to lifetime shortening, the probability of o-Ps localization inside smaller free volumes increased. However, this interpretation could not be accurate for the solgel glass because of dierent material structure, especially that pores are closed. The increase of p-Ps intensity (of about 6.5%) could be interpreted as a result of o-Ps to p-Ps conversion due to chemical activity (e.g. presence of active groups or bonds inside the molecules) of doped material. Additionally, a signicant narrowing (with an increase of total intensity) of the peak corresponding to a free positron annihilation is visible in the MELT results. It would conrm the thesis that presence of metal nanoparticles results in trapping of positrons before the positronium formation.
After heating the doped sample to 200
• C and cooling it down, to room temperature, the increase of o-Ps component intensities was observed, while the intensity of component ascribed to free positron annihilation decreased. However, the shape of the peak corresponding to the second measurement cycle remained the same as in the doped material before heating. It suggests that the presence of nanoparticles still aected the lifetime spectra, but the probability of positron trapping decreased. It could also be the result of the AG NPs clusters formation, which can decrease the probability of appearance of positron in the vicinity of the electron density derived from the nanoparticles.
Comparison of I 4 and τ 4 temperature dependences of the rst and second measurement series for glass doped with Ag NPs was presented in Fig. 3 . It can be seen that after material structure reorganization caused by heating up to 200
• C, the monotonous (and close to those usually observed) dependences for both lifetime and intensity were visible. It suggests that Ag NPs cluster formation prevented further migration of nanoparticles. Discrepancy between experimental and theoretical results is less visible in higher, than in lower temperature range. 4. Conclusions Due to doping of the Ag nanoparticles into the porous glass, obtained with the solgel technique, the reduction of the sizes of the pores can be observed. Doping the solgel glass with Ag NPs probably aects the PALS measurement by interaction with free positrons (trapping in metallic centers before positronium formation) and positronium (quenching). Before heating, the nanoparti- cles of the size: 1020 nm are distributed throughout the material. The structure of such material is unstable due to temperature change. Heating up to 200
• C resulted in Ag NPs clusters formation and decrease of nanoparticle inuence on the intensity value of the fourth component. All these eects can be observed in the PALS measurement.
